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Significance of gluon-TMD studies  
in a wide range of x

Theory: different gauge-link structures…  

…more diversified kind of modified universality! 

Pheno: golden channels for extraction of quark TMDs  

are subleading for gluon TMDs



T-even and T-odd gluon TMDs at twist-2
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2.6. Transverse momentum distributions
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Table 2.3. Twist-2 gluon transverse-momentum-dependent distribution functions. U,L,T
correspond to unpolarized, longitudinally polarized and transversely polarized nucleons.
U, circ., lin. correspond to unpolarized, circularly polarized and linearly polarized gluons.
Functions in blue are T-even. Functions in black are T-even and survive integration over
pT . Functions in red are T-odd (see Sec. 2.8).
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The relation between the TMDs and the coefficient functions in the parametrization
of the unintegrated correlator can be found in [78]. The functions h?

1L, f?
1T , h1, and

h?
1T are T -odd (see Sec. 2.8). A more traditional form of the parametrization [76,

88] can be recovered expanding the STT forms for the pT tensors (see App. B),
considering the following relation among three h-type functions:
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For a comparison between the current and previous notations see [78]. Looking at
(2.6.33), we see that h1 is a rank-1 function and h?

1T is a rank-3 function. Consid-
ering the more traditional forms in [76, 88], h1T contains both rank-1 and rank-3
pieces, so it is not a function with definite rank. For this reason, its usage within a
rank expansion or cross sections with TMDs in bT -space would be problematic13.

Eventually note that, despite the similarity in name, the function h1 for glu-
ons is different from the quark transversity function h1 (e.g., it does not survive
integration over transverse momentum). The properties of the gluon TMD PDFs
are summarized in Tab. 2.3. It is possible to introduce gluon TMD fragmenta-
tion functions too. See, e.g, [57, 72]. In App. D we give the parametrization of
the Fourier-transformed gluon distribution correlator, �ij(x, bT ), and the relations
between the TMD PDFs in momentum (pT ) space and position (bT ) space.

13E.g., eqs. (2.17, 2.18, 2.20) in [89] are inconsistent from a rank point of view.
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Spectral function learns small- and moderate-x info 
encoded in NNPDF collinear parametrizations 

(NNPDF3.1sx  +  NNPDFpol1.1)
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 Simultaneous fit of f1 and g1 PDFs 

 Inclusion of small-x resummation effects (BFKL) 

 Calculation of all twist-2 T-even gluon TMDs

Spectral function learns small- and moderate-x info 
encoded in NNPDF collinear parametrizations 

(NNPDF3.1sx  +  NNPDFpol1.1)
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 Inclusion of small- and moderate-x effects

🔗 [A. Bacchetta, F.G.C., M. Radici, P. Taels [arXiv:2005.02288]]
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T-odd gluon TMDs
No residual gluon-spectator interaction at tree level 

Interference with one-gluon exchange (eikonal)

Calculation of Sivers function underway!
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T-odd gluon TMDs
No residual gluon-spectator interaction at tree level 

Interference with one-gluon exchange (eikonal)

Calculation of Sivers function underway!

Gluon-induced processes 

Spin-asymmetry studies feasible 

Small-x physics supported
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   Systematic calculation of all twist-2 T-even gluon TMDs 

   Spectral mass to catch small- and moderate-x effects 

   Simultaneous fit of f1 and g1 PDFs via replica method

Closing statements
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   Systematic calculation of all twist-2 T-even gluon TMDs 

   Spectral mass to catch small- and moderate-x effects 

   Simultaneous fit of f1 and g1 PDFs via replica method

   Twist-2 T-odd TMDs (Sivers, etc.) soon available! 

   Relevant spin asymmetries to be identified 

   Predictions as inputs to generate pseudodata 

   Extension to quark TMDs in the same framework
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